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1. INTRODUCTION 
 
Neurological soft signs (NSS) are subtle indicators of brain dysfunction. NSS have been 
found to be elevated in a variety of mental disorders, including post-traumatic stress 
disorder (PTSD), but they have scarcely been studied in TBI. The present study 
measured NSS in the acute aftermath of a mTBI and evaluated the ability of NSS to 
predict subsequent postconcussive symptoms.  
 
2. KEYWORDS 
 
Mild traumatic brain injury, concussion, neurocognitive disorder, post-concussive 
syndrome; neurological soft signs. 
 
3. OVERALL PROJECT SUMMARY 
 
Human subjects approvals were obtained from the Partners Health Care System and 
the Spaulding Rehabilitation Hospital Institutional Review Boards (IRBs) and the 
Department of Defense IRB. The performance and recording of the neurological soft 
signs (NSS) examination was rehearsed, and all necessary questionnaires and 
instruments were collected. Methods of encryption and safe transport of the video-
recorded data to off-site consultant Dr. Gurvits, the originator of the NSS battery in 
current use, were developed and rehearsed. Recruitment strategies were developed 
and implemented in the Emergency Department at the Massachusetts General Hospital 
(MGH ED). Subject screening and enrollment began in September of the 01 year 
(month 4). 99 subjects were screened MGH ED leading to 21 viable subjects that were 
enrolled. Four subjects were subsequently excluded. The remaining 17 enrolled 
subjects successfully completed all three study visits (96-hour post-mTBI, 1-month post-
mTBI, and 3-month post-mTBI) including neuropsychological testing and 
questionnaires. All video-recorded data was encrypted and scored by our off site 
consultant, Dr. Gurvits, the originator of the NSS battery in current use, and 
subsequently analyzed. We received a no-cost extension from May 20 to November 19 
in order to complete and sufficiently analyze our original enrollment targets. A 
manuscript is currently in preparation.  
 
Group mean average NSS scores at the three assessment periods are shown in Figure 
A. As predicted, these scores were elevated at Visit 1. They declined at Visit 2 and 
stabilized at Visit 3 (F(2,32)=20.3, p<0.001). A similar pattern was seen for the average 
of the six most impaired signs (the NSS-6). Group mean scores on the Beck Depression 
Inventory (BDI) are also shown in Figure 1. In contrast to the average NSS scores, BDI 
scores did not show an overall decline over time, with a drop-off in score seen only at 
Visit 3. See Table A. in the Appendix for a Spearman rho correlation matrix of all 
variables. Contrary to prediction, the average NSS-45 score at Visit 1 did not 
significantly predict any of the four key outcome measures at Visit 3, viz., self-reported 
post-concussive symptoms on the BC-PSI or RPQ,  functional impairment on the MPAI-
4, or overall neuropsychological impairment (NCI), (all ρ’s ≤0.39, n.s.). Neither did Visit 
1 BESS scores significantly predict any of the key four outcome measures (all ρ’s ≤ 
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0.39, n.s.). The correlations between avgNSS-45 at Visit 1 and BESS scores at Visit 3 
were high (ρ=0.65, p<0.01); indeed these two measures inter-correlated highly at each 
visit (all ρ’s ≥ 0.55, p<0.05), suggesting that the NSS battery and BESS reflected a 
common underlying functional neurological domain. However, when the subset of NSS 
measures that were elevated beyond the mild range (≥1.5/3) at Visit one (avgNSS-6) 
were correlated to Visit 3 outcome measures, significant associations emerged for the 
BC-PSI and RPQ but not for the MPAI-4 or NCI. When the 4 factors underlying the RPQ 
were analyzed separately, it was clear that relationship between avgNSS-6 at Visit 1 
and overall RPQ at Visit 3 was driven primarily by the cognitive factor (RPQ-C, ρ=0.57, 
p<0.05).  
 
In contrast to the only partially significant predictions of outcome obtained with the NSS 
measures, the BDI-II was consistently associated with outcome, with moderate effect 
sizes obtained on all four measures (all ρ’s≥ 0.52, p<0.05). A parallel pattern was seen 
with PCL-17 at Visit 1 as the predictor of outcome (all ρ’s≥ 0.48, p<0.05). The 
correlations between BDI-II and PCL were very high at each visit (all ρ's≥ 0.77), 
suggesting that these instruments reflected a common underlying psychopathological 
domain.  
 

4. KEY RESEARCH ACCOMPLISHMENTS 
 

 Employed an aggressive recruitment strategy to successfully obtain key clinical 
indices in the very acute period (within 4 days post-injury) allowing for the 
successful capture of a rapidly evolving phenomenon.  

 Identified the most sensitive NSS signs (e.g. heel-walking) which have potential 
for a bedside, on-field, or battlefield assessment tool. 

 Validated the finding in the existing literature that early affective markers are 
strong predictors of poor outcome in mTBI. 

 
   

5. CONCLUSION 
 
The findings of this pilot study add incrementally to the body of knowledge on factors 
that predispose head -injured individuals to poor outcome three months after incurring a 
mTBI. These and related findings could both inform screening strategies designed to 
identify at-risk civilians and Service members prior to injury occurrence, in addition to 
developing reliable and practical tools for symptom monitoring that could inform return 
to play/work/duty decisions. A manuscript is in the final stages of preparation for 
submission to a peer-reviewed journal. 
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FIGURE A 
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TABLE A 




